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ABSTBACT 



This gUide co^a ins lesson plana %nd outlinea^of 
■nioience activities which pres^jit concepts of 50la£ Energy -ras the *' 
Tponteit o^ anjd pKy^i^s^exFe^^ Eacli unit p^s^rits afi; V 

intpoductibn to. the uni't; pb;3t^ctives^ regaired skills and knowledge | 
ffateriala; metho^t gueationi; recommendations for farther work | and a^^ 
r teachei: information sh^at^tf'he teacl^er in£prmation. ihee\ contains 
V infoiraation on the target grade levelai baakgronnd infotmationi hintrf: 
*on gathering mate rials ; su time allotaent; suggested approach; 

. typdcai results; precautions; modif ications ; e ?alufftion ; and \ 
^ "^TOf ere faces,* "(BE) ^ ' ' " , ' ' ' \ ' 





- * Heproductions supplied by EDRS ara the bast ^that can be mad.e ^ 

' ♦ \ , ^ ' * from the original dpcumant, , * 
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absorbar pl^ta |s an impojfcan^ parf^of tb4 solar eolla^ctor. 
sorbar plate cojtting will changa^ Che ability of ^a collector 



Th^ type -oA absorbar p ^ w _ _ 

to' absorb solar enerfty. This aativity will allow you to 'invastlgate 
different abiporber pJfate coatings; You will'Sprapare absorber platas with 
differ ant GO^tings "X^^^b as different color paints J and compare the 
'temperatura increase^ •£ the plates ^ith tlnm of axposura to a h^t ^sourca 




r: 




; '^^clht th^ doo^lfetion of this activity- you will ba able to- ' - 
- • ' ^ 'I ^ intarpMt a /graph of temperatu^re v$:. time, 

- d . determine ?he bepOTdlOr of niaCerial far absdrher plat 
' coatings. ' ' . ^ f . 
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SKILLS AND KNOWLEDGr YOU NEED 

' V Bft abla to read a Celsius thermometer/ - ^ ^ 

How to graph data, ^ ■ ^ ' 2 ' \ 



materiaU ^' , 

ORiree lOem k Scm pi4e6s of aluminum, 
' - Three thermometers . - ^ V , 

; - Thxee lOcm -x 30cm pieces of ' sty^ 
. • . Tape.. ' :^ .1 ' 

'; ' - • Heat lamp, -If sun Is'^t'shiriing. 

Severdl /coatings, su^ ai^bl^k, greeil or silver; paint. 




THtRMOMITIRS 





ALUMINWV^ PLATES 



STYKOFOAM INSULATION ^ 
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Prepair© two of ^ the metal ^a^es with dii^erent eo^or^ .of *codtijiga 
anfl a^low theof to dry> .. The third plate, (uncoat^qi) will act 
as ybiir control. ' " ' ^ ^1 ' . ' 

In coristructing your collectors, b^sure the thermometera are 
V inWertad between the ins i^ft Ion arid the abibfber plate . Use 
4 I the tape to secure the Insulation to ^he toetpl plate.' 

y3. Set up thev equipment* according' to thf diagram with the plates ^ 
^ ^ .'- 'pointing toward thfe^ sUn, Mak^ suye that, all plate^f^r^ angled 
J - \. thiei same ^^y. ^ *<f ' 

^ ".. . ' ■ . ' - ^ " 

■ 4, . Take tptoperature reidihM of each platie at 1 minute intervals 
' for 20 minutis.' Use thi data tfeble provided. ^ ^ ' , 

^ 5,'^ Plot graphs of temperatures vs. time for aach mital plate;, on 
> ^^he samf. sheet of ^aph- paper ui^ng ^differ^^t symbols or color^. 
f * ' to repie^hat each metal plate, 
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1^ 



A. 



DATAlTABCE 



TEMPERATURE (PCh 



TIME. 

(minutes) 



PLATE 1 
COAT INS 1 _ 



4 I 



0 • 

1 

2 ' 
. 3 

, 5 " 
.6 
7 
8 

9 ; 

11 

12 ' 

13 / 
W 
15 ' 
16 
17 ' 
18- 

U9 ^ 
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PLATE 2 
GOAT INS 



\ 



PLATE 3 
COATINSi . 



\ 
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plate * Th€ taatf riai used to 'coat the Absorber plate '^hoU be ;a substance 
whleh absorbs most efficiently ^the spla^"^ tadlation striking the solar 
cpilector/ The^solar radiatfom i% converted by the' absorber platft into / 
heat energy* ^^.p hleat energy can then be used for heating domestic hot 
. water ^or for space heating in a btiiMin^* . , ^ ' 

You can judge f or.^^d\^s^^^^hich type df^^^ plata coating 

absorbs ciost efficiently by studying ih^gr^ph ftade* 



QUESTIONS 




"'^ 1. ' According to your graphj which absorber* pl^te coating did yoi^ 

f ind ito be most efficient?.. , ^ ^ * . 

* 2 i Why was it irnportant ,*to havei all thre4/plates angled the 

same way?, - ' ' ^ ' \ t ' . ' . , 

... , , _ ..^ - ^. . -.. .... 

J * 3- EHplain why the- graphs leveled off near the end^of the 
eKperiment/.' ^ - ■ j / 

G0lt4G FURTHER ■ ' 

Do you think a curve d ab^sorber plate would ftave^%rtn mor% or 
^ less ef ficietit than a flat abstfrber plate?^ 

- ^ - - ' ' ^ = ■ " ^ ' /^"-- 

. ^ What , effect , to you think the anglie of incidence ,ttae on the 

amount of solar radiation absorbed^ by the solar cpllector? 

' Repeal the eKperiaf^t without using the. insirfatiQn bfehind 
^ absorber plate. ' What effect did this have on' the temp^erfture? 

' - ' Do you think if ^ you doubled the ^ize of th^ coll^dtor , that you 
■ would dpubje the temperature?. ExpUaifi your answer. 

^■ On cle'ar nights the temperature at the surface earth 

^ sometimes becbmes very low even if the dayrt.me temperature was 

, ' ^ very '.high. The eacth^s surface radiates its hej^ back into the 

atmosphere . If c^uds were present , this extrjfe heat loss 
would not occur. »ou may wish to perforrh the experiment again 
and recprd^the^teinperature of the plates f^r 20 minutes while 

the plate it ^^1^^ for 2a^^iin, while the plate, is in . 

V shade. .^In Jthis way you can check the heat loss of each of your 
' plates. Can you think of a way to, stop this heat loss? (Hint^ 

^^^^^^^ as a ^'glazing material".) 
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Teacher Info^tion Sheet ^ ^ 

J; ' ; A C-0 M P,A tl^d'Fl ; 0 F A B S 0 R B E R P L AT E ; C O A T G S 



Suggagted^ GyjLda Level, an^ Dlaclpling ^ 
; 7??12 Scienee . ^ 



kClepc 



Background Information ; 



, ^ One of the most important parts of the solar collector is the absorbe?\ plate - 

; y The absorber plate Is 'the part of the soiar'. collector which collects solar energy and 
f: trans fortna it .into heat energy. The efficiency of the collection variee with the type 
^ metal usM and the type^ of cdatlng used on the plate. The figure below shows a * ' 
: i:yplcal hot air solar^ collector In cross section* ' 



aUSi Oft OTHER 
GLAZING MATiilAL 



ILACK iUKFACE 




ABSORBER PUTl 



J 




ck of the collector and the 
eps the heat in the collector* 



^ The insulation prevents Heat loss out 

glazing material creates a "greenhouse effect" which 

The absorber plates are usually mada of good conducting metals, such as 
copper or aluminra. The surface of the plate facing the glazing material is coated- with 
a flat dark paiiitt ^^ew absQrber plate costings are constantly being ^tested In search 
of ^ more efficient coatings Many of these are selective fioatlngs which absorb the 
Wlivelengths of energy that convert; to heat but reflect unwanted wavelengths* 

Another Impott ant factor in collector efficiency is the intensity of light 
strlkdng the surface* The collectors efficiency Is at a maximum i^hen the sun's rays 

are perpendicular to jhe collector's plate* 

^ . ^ * . 

In this activity the students will have the opporttmity^ to test the 
absorption properties different coatings. 



Hints on Gathering Materials 



About a weekl before the activity ie scheduled*, you should be sure to have, 
on hand an at^pay of different colored paints. You may hav^ your students 
bring in a :p^int color or particular wrand of^paint that they wish to teat. 



! 
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Xacax paint li prafatfabla bacause it drlas quickly and is easy to clean 
upw You sheuld also cut out' ^s©ffle sheets of alumlnuin o» /another met^l 
about lOcn K JQcffit A gill also be ^^^^fcesgagy. If th<^ . 

activity is pWforn^ed oursile, the sun will be yquf heat apurde, icf^tfte 



' = ^ weather does not allow you to do thd activity putslde, then a heat lamp' 

* will be needed. Therraometets and some tapa will be needed for the 

basic experiment. You Should* score the styrofoam sheets ^s© ±hat the 
^ / thermometer will be recessed and the styrofoam will fit snugly on the 

absorber plate # ^ ^ . i ^ * 

- ■ - : ,/ ■■ ■ r ^ 

Suggested Time Alio tmeafe/ V * ' \ - 

. . ■ \ '■' ' % ^ ^ - 

- The totii ttode for this unit should be a faaximup of. four class parlods* 
*rhe first peribds should be used for the Introduction of solar collector 
.Resign and uses . , The next'' class merifaS should be used to allow the 
studants to prepare their 'absorbed plates. The third period shouid be used 
' lor the equipment set up and coileatlon of data. The final period ' should 

be used for a dlscussioh of the data and the concluslPivs of the students. 



r 



Suggested^ Approach 



A good way to begin this unit is to relate the different types of world 
climates to different types of absorting surfaces on^the earth, For 
example* you may point out the extremes in annual temperature between the 
nid^west United States where large bodies of water are scarce and the more 
moderate climates o^the coastal areas* The oceans have a moderafiing 
effect on climate because they do not abaorb solar rMiatlon as quickly 
as . solid surfaces. After the discussion about the relations hip, between 
the earth's surface and climate you. may wish to ask the question, -'DO 
you think there is a. similar relationship between the type of abstorber 
plmte in a solar collector^ and the collector tcmperaturet" "^li^ should lead 
into a discussion of collector effici^cles, ^,..,4 



The sfeydents ihould be divided into groups^. Each group should test two 
absorber plate coatings as well as the control. Xhis number may be increaaed 
at^thi' teacher "S discretion, ^ ^ 

During the final day you may play the part of salesman and offer to "sell" 
the students some solar collectors. You should provide specifications for 
four or five collectors. The student's . should all be able to make 
Intelligent "buying" decisions based on what^ they have learned from their 
laboratory activities. You .may wish to vary the "selling price" in order 
to have the students defermlne the value of each collector in terms of 
initial cost vs, eventual savlnga. 
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: =7^ ^ifff^wt comblriation of abaprber plate coating'sL Tha^data ta^€ 

'^^^^ .\ i some data:.,c€)lleetad 'during this actjtvlty * The opiate material wS^ 

. :." '. -Ha^umlnDm flashing. \ . • . j 

^. ' V 1 ■ ; ' ■ DATA TMLE ' ' ' ^ ^ 





TiMPt^TURE (°C) " ' 


SMIfJUTisJ 


PLATE i 


Di Ate ? 


Bi ATE ^ 


coating: hi^^^ 


OTATINGI M^^^f 


COATINSi , eeHti^ei 


















■ 0 •* 






lis. 


1 


. _\ 3 5, ' 






2 ■ 


4 6 






3 ' 


^ Bl 




3G ^ . 


i| , 


54 




37 - ' 


• • 5 


SB 




40 ^ 


5 " 


_ 6? ^ 
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. S? 




44 
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B8 


5^ 


4 7 


9 




SJ 


4? 




\ 60 


58 


4/ 


•11. 




62 


47 


12 




B2 


47 


13 


S3 


53 


47 




.64 


&3 . 


4a 


15 


SB' 


B3 


^ 48 


16 


6B 


B3 


48 


17, 


66 


S4 ' 


49, 


18 


S^ 


54 .. 


46 


19 


66 


54 


49 




■ / e§ 


54 


49 











^PreeautlQns 



If thm abaorber ptate& are paintBd with "spray" paint be kwe that the 
poom %B wett veniitat&d* \ 

,If a h&at Imp ie u^edM aaution the studentB about touahing the bulb of 
the tampt It ^mt &ctMmely hot. - ^ 



Metal edgeB ' should bs taped. 
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. Modlf Icatlona 



Y ou may wish t o yncouraga your^st^ufan^^ to do^ litfc|ft ^yp^rlrt^nflng. 



It is possible th^t by InQraaalng tha surface area of the absorber plate 
^ou^ will Incteass its kbillty to absorb radiation. An easy way of 
incredplng the surface Wea^ is by sprinkling iron filings^ mft^l 
turnings/etc* J on thp absorber platf before painting, / Spraj^/paltit the 
absorbeij plate , .covering the material, and allow It to dry/- The material 
will^e ^eeure at least for the duration of the aet'lvlfry. Compare this • 
absorber plate w^fi another plate^wltohDUt ^ddttlonal material* Be sure 
you use the .same palM on bdth abaqrbir plates. ; 

Another variation^ you can use j with more advanced atudenfcs^if ) 
Is to replace |the thermometera with thermocouples, Usln^ the ^heifliocouple 
will. give, very accurate^eaults and may be espejfclally useful for^ phyaJ 
stud 



You may also have the -aiudenta vary the angl^ of Incidence of the incoming 
energy on the.absQrber plate. The students wuld then see how the ang^e 
of incidence effects the efficiency of the collector, ' 




.Valuation — ' ^ _ . , .. ' -■ .,. . 

-"^ > - ' - . . • . ^ / ■ ' . ■• ^ 

' ^ Evaluation of the students c^n be madeJay using the quertlons the end ) 

of the activity and by student reaponse to the foll©w=up discuaaioh, - ' / 
; Evalu^ion of atddent graph^s. Couir als'o'^^Bft^made, ^ ^ ^ 

References " ' . % ^ f . ^ ^ 



Produavng ^om^ Om iomr^ Carol Hupping Stoner, -Bd.s (Epaaus, Pennl i ^ 
Eodale Press), 1974, _ , ^ . 7 ' ' 

* ' *■ ' ^- " 

• Solar Energy Es^BrimmtB ^ ^Thomam Norton, (tomaus, Penn,i Eodale Press) - 
1977, . . » ' 
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DRAFT - ACTIVITY a 



CONSTRU^ION OF FLAT PLATE 
SOLAR COLLECTOR 




INTRODUCTION ) 

la becoming conmon Such colle^cota, how^.vti. . have be n *ob^4 .ru jid 
the world for many y^^ars lO heat things frum b,iildl..gs swlu.m^ng p. 

1$ ^ 
Mo^C of Lh^ CMliecLur^i iiave i^at i ^ ch^t atfe wi^i . ^jltnliai fcveii 
Lhuugh Lhey may arranged differently I., thJ^ acLivlt,. you will 
conetruct and experiment with a solar collectur that uses air transfer 
Che sun's energy to usable heat ^ 
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OBJECTIVES . ^ 

At the complatlon q£ this activity you will be able to; ' 
O construct a flat plate atr flow sular collecLot 

O detarmlne the importance in your coilector or lu^ gla^i.^^ 
(cover material), the insulation, the absorber pl^ta 
color, and the absorber plate'material . 



I 



SKILLS AND KNOWLEDGE YOU NEED 



KjiQw the pared oi an ^Xl JLiu.w dQi.. . . 11^,, i 

n 

tolOW for what purpQ.aa eawii parL a£ air: ftb^^wiui 

collector is used. 

How to read a thermof^etei au4 a slq|. w^^ch or othej. tilling 
device. (school clp^k, w^^i^t watch, etc) 

How to graph data. ' . ' 



MATERIALS 

if 

Spl^i calle4_tu4 u, ^ ui 

Various inaulatlon ^ leces ( ^uj a c< i 
Various colored absorber platen buum k Mu . ) 
Various glaglag ^.uveia (oQ^m « 140.^; 
Stop wat^h (u£ wLhej. Lia»fi= k^^ ^ 1 ..f^ ^ , 



i 4 
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coueaoR lox 



120 cm 



1 5 cm 



GLAZING SHOULD BE MADE 
ON A FRAME MA'bE TO JUST 
COVER THE BOX 




- PLYWOOU OR PINE SIDfcS 



Vi." PLYWOUD BOTTOM 



ABSORBIR PLATES AND INSULATION 
SHOULDN'T FIT EASILY ON THE BOTTOM. 



I^^ETHOD 

I. 

7 



3. 
4. 



6. 



8. 



ObCairL a solar qoH^^lot bux froTTt yuur Le^ch^i- 

'Iri rfi e .b n 1 1 otn of c e b C3 k place s u fne i n s u 1 a t i o u and ^^n^ u w i w j. e J 
absorber plat^= 



Over t h tup ut t\v^ b u ^ place 



that the bulbs of lYxu t b_e rmome t r s axtL^nd uv. i 
o u t-p u tholes. 



he , in J 4i . 



^ake your solaj. Lwilfe^-tut wULaide /.-*ud a in it ..iii.. t i; caX. lI.^. 
sun. Make sure that one wjf the hi. ley , tja, the tup (ti.isi 
Is the output ht^le) ^nd thaL atife hule is w^en the bc>t * oin (ttii 
Is the input hole) = 

On a data sheet r ecu id L.tie inpuL .ul^^iii i . ^ l i . . . ii. i 

collector every three uiinutes foi 30 ininute.. 

■ On una graph plot LI»l LI luc \ a L ht= i i , pu t L j^u.f . , , . . . . J * = . 
output tfeOpei. aturt . rtake ^ur4 tu iecurd the t>f)t ut iiuj .leit 
ab s o rb e r plate c o 1 o i ' a n d ^, 1 a z i i , ma t ^ r i a i y u v i u h tf. » 1 

Re peat the ^xpe r i iticu i u = » i ii^- .1 1 f t . i ^ i . t > t 1 1 1 .» i i . . . ., , , i 
tiict L e I i a 1 3 , abbutber pi^Li^ij, ai»d 



Id 
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9. Colf^ect data for each combination of glazing, absorber pla^e 
^ and Insulation that you decide to try. 

10. Prepare a graph', as you did in step 7, for each^ combination of 
glazing, absorber plate, and insulation. 

LOOKING BACK I 

In this activity you have constructed a flat pLata air fiuw auiar 
collector. You should have an underatifcding' of the types of materials you 
used and the reasons for using them. With a finished collector you were 
able to collect data which gives an indication of collector efficiency. 
From your data you were able t& plot the information collected and compare 
the temperature changes that occurred. You w^re also able to compare the 
insulation, abaorber color, and glazing in different coi^iantions . 

QUESTIONS 

1. Based on your grapha , how do the Input and output/ temperatures 
compare over the time the data was collected^ EKplain. 

2. Which color absorber plate was tha best for heating the air 
in the collector? 

3. What effect did the glazing m^Lerlal have? 



4. What combinations of insulation, abautbcx 
are the best for your collecLorv 



.4. i I ai.vl 



An Indl cat iuii of coileaLui elti.i^^,, ^ i . » . 

differe^nce beLween input ait temper at., re cind outpuL fciii 
temperature. Based on the differences y u measured whai 
did the type of insulation have ori the colleeLur efiicie t> 

How might your family use such t^ull^^.tv^i i 



GOING^ FURTHER 



Try other uumL i l i l 1, 3^ i , , , . , 

ani glaziugs , 

^Try double or Lri^.i^ ^i^^*,,^ 4 . ^ 1. uu. , ^ . = 

Change the aii^i^ ui kUi^ a . ^ 1 1.1 l ^ i » a . 1 i 

and record the differences In inpu. and ut .puc empcratuLi;^ 
Use a protractor to measure Ci,e an^le n.jL ..^^ .iir^.-Ll 

at the 8un^ If you do notf knuu how to ea^uv^ ihti un^ln^ 
aek your teagher far ht^lp. 
%^ 

iDlftermine the effect various we«thei t..aidi i i h , uu t i. 
performance of your solar collector. 



id 



'Teacher Infora#clon Sheet * , 



.CONSTRUCT I O.N OF A FLAT P LAT'e 
ATR FLQW.SOLAR COLLECTOR- 



Su^gmmt&d GtH^e Level and Blsclpllne \ 

^ General Science 7-9 
/ Earth Science . 

Physics^' ^ 

Backg round Intormgtlo^^ ■ ' 

the, solar collector Is a device for transforming light energy to heat energy 
and thus raising' the teffip^rature of any medium. Visible light rays enter the collector 
chrough glazing material, ypon striking the absorber plate surface some of these^ rays 
are lengthened into ^infrared (heat) rays and others are absorbed and re^radiated as , ■ 
longer wavelength Infrared rays. A black surface Increases the efficiency of the prociss, 
whil^ the 'insulation and glazing keep these heat rays inside the collector. The input 
hQle allows outside ai-r Iri,^ %his air ls..heated while inside the collector and because 
hot-air is less dense. It will rise and escape by convection through the upprr hole for 
output. When properly funotlonlng, the flat plate air flow solar eollector will have an 
output air temperatu're Siibetantially'^ higher than the Input' tempera tufe. - ' 



Hints on Ggi the l lu^ i^l^i \ 



are ^iVall^ble aL mu^t bullditig i:.u|jply Cijfnpd ui c s , 



f rame . 



bat ^it w^ .. 



1 I I L. ^ 4 I . 



i itte pLi .4 

glaring iftaLei.tii i , 
on students pifej^^i kit, ;<[,Li 1 



J . 
ii la I L 



U 4 4^ US S iU^ L L L 1 £3 1 y ill I ,41. , 1 >J 4^ ti 1- , ! . I . . . .1 1 

Review why these uaL.it iala i^ei e sid . 1 1 it I' ui Llil^ p .1 



it 




38? -n02 O - 7<} - J 



!= * .S • 

r 



n 



J 




r Typical 



Studfent^ fehould be a^re that af^er^'^eQ^^^Hjc ting t^ '^c they will - 

take th# collector *but of floors in order to colleqt temperature data aboiiC 
the Sim's effect upoa the, air within the collector. 

" ■ V. ^ \ 

In order to infuse the concep^t of career education into the classroom 
activijty Jt is iiggested ^i«t' the teacher contact ^^ndustrial , utlll^ty and 
business repre^fctat IveS ife^^the energy field . For example, a solar heating 
syste'm dealer m^y be invited into the ciHSsroom to discuss the Job erf 
supplying materials jnecessary for considerii^ the Installing solar jSysten^s * , 
Sample materials may provided during the presentation as welL as *'hand= 
out" in Formation. E$fy^ this'*accivlty , students may be asked ^^viplt 
local firms and lnter\^few Individuals associated with the energy^Ridustry * 
For example, the students could spfeak with utillcy company representat Ive 
a gas ataCion operator, a solar, collector manufacturer , a county planner, and 
a local newspaper -representative, as well as plumbing and electrical 




contractors * 



The teacher may 'wish to cpmbine dkta from various .students and project f 
this Informatiojh on an overhead projector. • 

Various combinations of collector partg eiLliiw fov d wide range of ^posslblfc «. ' 
expeclments.' . . ■ ^ 



Typical . Res uU^ 



"Air Lt^nip^ra tUL e it 
input tcmperaiuE'e. 



Thy ^laph bc^lww 1^ 



LI. ' 
Laj 

Uu ' 

III) ' 
41) 

m I 



Alb A* 



ib li L 

Ilfi Oft, 




ERIC 



lb 



fracAutions 



Teaeher and BtudMntB Bhoutd be tfwLt atoud& will af^^t air tempepattwe 

in and out of Phk aotleator. (NOTE: 4 dj^mmtio aorvelat€on he'h^een . 
aalteatpt^ tmnperatii^e and mmmtwpy^ aloud govbt amt be akawi grcphiaalty ~ ) / 

fStudenta ahautd be w^nnBd ta never look dirmatly at the ^uH^ 
Modi f lea C ions 



Evaluation 



\ 



In ganaral science courses ^ the results could^e used to devaio^p=daas for 
the Importance i^of glazings lntfuliatlon, and collector materials* 

If materials suggested are riot available p. many alte*mative^ exist. 
Cardboard boxes » styrofoam packing containers i drawer^ from lab cabiuM^^ ^ 
etc^ could be utilized as collector boxes^j, Newspapers^ eardboardj or 
.various packing materials could b^ used ^as insulation* .Any transparent or 
translucent material may be used for glaEfiag such as transparent sandwich 
wrap or plastic used to cpver ^indows* 



How well wdre the graphs prepared? j 

Were ttie graphs used in answering the i^u^stlon©? v. 

Mere the students able Lu dL^^^tmrn ^ wluh ^ d^gi^te 
conatruction and uperauiui* of thel£ coliet.tor? 



1977. 
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INTRODUCTION 

* ' Have you avar Wondered how much energy is given u£f by Lii^ bui^ 

.In this activity, you will be able to eo^arSv the mxm' b enargy to th^ 
energy of a 100-watt light bulb. How many light bulbs do you think w^ald 
have to be turned on to equal the energy produced by the eun? 
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JICTIVES ^ 

At the completion of this ^actiyity you dUuuid be abl^ lu 



o construct a siraple devica tu cplleuL the sun's heat 
, ^energy. 

o use a mathemati yal equaLlou to cai kmI 4al ^ x w^it.. 
the Bern's energy received by this device 

o con^are the energy output ut the fpim wiLti a luu wMt. 
bulb. 



SKILLS AND KNOWLEbGE YO^NEED 

How to J read a Celsius LheLuiwuiete* 

'How tu parfurm lU^LheUiaLical ca i v. i i * ..^ 

MATeRIALS <^ 

Graphite ■ In alcohul ^su^pSnslon^ 

A glasd jar with u l.uie ..ill lli t t. 1 1 

A Mne-hwi^ sLup^tt vt4. ill , ike i*.-!.. i ii ti.. 



IVtfc. i fflUU 



bulb so thai: Ch i iiiL . t.^ei j 
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2. 
3. 
4. 



7. 



Then cri^ the sheeting in so that it completely 
.surrb\mds the bulb. Use the straight, edge of a thin 
plastic rulfer to bend tha ends of the sheeting outward 
90^ to form the Absorber blades. 




Paint the face of the absorber with the gi^dphiLfc 
suspension. 



InaeiTt the top of the thermometer upward incu tiie stop^^^r 
and then insert the stopper into th# Jar lid. 

Place the ltd on the jar and adjust the thermomcL^r tube 
so that the absorber is toi the middle of the jar Your 
solar collector is now complete. ; 



VlfW 




Poaitioik Li.c 4^,. i lector so Li, at the absG. i ^^, i .t;^ , 
directly intu the sim. Record the maximum lamper 

Allow th^ Qol lector to *^ooi to loum t^iap^fc^Lure j 

Poaicion the collector at the 50 cm mark of the o^.^ 
bench. Slowly advance the collector, 1 cm. at a time, 
toward the lighted 100 watt bulb. Stop When tiie same 
temperature as that obtained in' Seep 5 ia re^chej and 
maintained for two minutes. 



8. Record the dlstmc^ between the £liau*^uL ^Lid Li 



Determine the aim's relative waLLAge by ^i^lu^ Lh.. tui luwi 
equation: 



W^ts (Sim) 
d- <S^) 

d = distmce in meters ^ 
d(Sun) - 1,50 X 10^^ m. 



Watts (Bulb) 
d^(Bulb) 



^2 
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10. Determine the n^^er of 100 watt light bulbs that would egual 
the sun's wattage. 

11. Using th% results obtained by each teani, calculate the class 
average ot the aim's wattage. - 

12. -Determine the percent of errot in the class average by usin^ 
the following equation and the accepttid value for th^ sunns' 
wattage; 

7b error - ^xperiutental (wlass average) au^. «.,. ^ i ii^^ 

Accepte3 Value 



LOOKING BACK 



With the u^e ut liils ^elaLlvc^iy t^im^i^ ap|.^i^iu^ i.^v 
coliegted data and m^de a mathematical de tei=ailnation , f Li.e fiu.. 
wattage which turned out lo be a ^ very large value troui this y.u 
determined the number of 100-watL light^bulLs whlct. woula equ&l t 
Sim's wattage. Would 1 t be poesible to turn yu thl^ many light bu 
at bnce? 



QUESTIONS 

1 . Why 1 ^ i .. , , 1 . ^ I, i t, ^, 1 1 i i 

f lu^ £ e.. Ce. . L LuibV 

2 Would ywUi iw^aLiOM ^ I , i i . i , , i_ . 4 . 

affect the results? 
^watt? 

uUING FURTHtH 

if th^ .. ^ , 

what eiiViL n eutai l,. . ^ l i . i 

il Lite e^tf4li''y JiaL.iMCi^ li LL^ uVii. a li. ..,1... 

1.;^ X lOl2 m^t,.rs, in/h^t wuul i be thfe^ e. * 1 ..n..nLal 
frMni th^ acCGj ted ana- ci^ in/idL tvjuli y^Mii, ^ca, ^ i, 

of BLtOTi 

If bwLii ..r .1.1. ^ . i I 1 ' • 

outside of th... a^tth' £ilit4..^phui ^ , i. i .i i iuti.fei 
think would ocuur in ttie resultsV U^.; < 0 h 105 m 
the surface of the e^^rth (appruxi.i..,tely 20u u.ile, ) 
possible location for this experiment. 



.Teacher Information Sheet 
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HOW M4 N,y LI G-H T BULBS 
= T H E S U N'S ENERGY 



SuggeBtad Grade Level and Discipline 
Physics 

General Science 



Backg round Inf o rmat 1 on 

n^e wattage of* the eun can be dgtermlned experimentally by the use uf the 
inverse aquare law. Students record the maximum temperature pruduc^d by the auu 
in a slmpae collector and then duplicate this temperature in the lab using a 
100-watt light bulb. By measuring the distance In meters betweeu the bulb aud 
the colleqtor and equating it to the distance between the sun and the earthy tht;> 
can determine the' sun's wattage. 



d^CSuri) 



WaL Lb J,bul L ) 
PTbulb) 



^ The acientif Ical^ dcceoted value fui lUm auu-^ wattage i . /u 

Thla would require 37 x 10^2 iOu-watt light bulbs t^ equal i aua*. 
is to be expected that tjie petceiu of ^rror may be quite laige. 
* I 

The experiment ^hwuld deaiuusttate Lhat the auu is eiiurin^u^ ^ en 
so much so that the students will have dlfflcuUy 1.. ..inptehending laL^e /numb 
as that represented by the suu'a wattage.^ lu addiLl the ^Ludent^ u.ay ap,.i.c:laE 
that the solution tu a seemingly dlffidtt^L or ImposaibU qu4.^Lluii ufien by 

found by. relatively simple science equlpmint 

ttinU £ ^ U^L ha fe ing L e i 1^1^ 

The *=ttllecLOL j^L a, 

removed) or aiiy Simll i ^a. , sac. a 
drilled in the center ur .the L.ap 



butl 



^ i h 



Thin ffletal sheet ing .a l^Iu.. i eiu»^. ii 

the art dei^artment. Aii, ti,lcknesa an b.. uaed 

shaped around the buib Ot the Lh^ru.umei wlLh ea^ 



Suggested i Lm^ AlloEmfeiu 

- Pre-lab, 1/2 class i ju , . ^ . 

- Lab, 2 class periods (45 6., j.iuutt^s 

- Post-lab, 1 class period (2U tu 45 min. 
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Sugpeated Approach 

^ This activity should be done when indoor and outdoor Lamperatures 
are the same. 

I 

- Students should work in pairs co reduce demand on equipment. 

= In^pre--lab discussiott establlsli the watc as a. unit of A^rgy and^ 
have studencs guess at the value of the sun's wattage = Thd cuncgpt 
of scientific notation of numhera m^y need e^planatipn. 

^ If your school has a computer available^ it is possible to give 

students a tangible idea of the number "1 million" (10^) by obtaiiiinH 

readout of 1 million dots. (For example, 200 pages 5 ,000 duLs 
ea^hO 



Ih^ ^atiyle ot the buii'^ r'ciys shoUiJ be noiiucil Laj l he tibsOiUei'e 
Bur f ac e . " ' ^ ^ 

The expet im^iU should be dqiics ,.,n j %\m.y ..t Ui In 1 ».ar'^ y U-.i. J i ^ a du.i i,=.2e 

^ - It may be dllticull Lu* line tt.d abautbt^i ^itk the ^euLt.i tue 

buib^s filament. Shims can be used to adjuat the height of the 
cullewLur. The alible uf the bulb's rayb alBO ^rioulJ be uormeil lO l he 
cifasurber ' s surtatie* ' * » ^' 

MujauL 5_iHt.it t ^ ^huu 1.1 I.,, L I .,M. Lh_e c^entt^L; i » i. lii ...i., ^ i,. 
abst>rbe L . 

Whe.s the ^a. ill;. .1,. . .11... t,,. ,.,..dtdb i ix ^ . i ^. . .5 

d t a L I iue Whfei I L h d e s 1 1 e d t efiip e r a l u r e 1 & ^ tz , i , d it ^ h u 1 -J . ^ 

ma I lu j i a e d . u r at L e , a L i wi.j ,m i u ii t e s . 



Ill 1 ib Sel^l-fe i |.) e I t Ul K . ? t.i 1 1,; t, , i. I, u I 

t r lun Lht'" I iirHmtfnt of .1 *. I. ai Ems It* 

auii ' S Wrij C t ^^^fe WOU id l,e 2.2^ 1 0^ ^ Wti I a ft ,1 i t . , i I 

11 ^hL builbn K?edfcd i rft.. h Ll.la w . L L d ^ ^ ,11 i.c 2 i 1 =' ^ ii 



Nunc 



HgdlflcatlQpa 

None Suggaat^d 

s . 

Evaluation 



3r 

- The collector's construction ^nd its age In v^- ^^y^tLm^..^ 

evaluated for c^re In construction aiid currectneay of expei ime.^tal 



procadure 



I' 



Student calculations and answers lu Aiuesi:ion& uau be evaiwated tot 
correctneaa and for depth of underit^ndlng * 



DRAFT- Activity 33 , 



MEASURING ENERGY FROM THE SUN 





INTRdDUCYION 



it^ has been using sOlar enargy for thousands of yaars. Does 

this surprise you? Can you think of some examples? 'in fact, nearly -all 
of our energy^ comes , directly from the am. There would be no coal oil 
gas, .or wood. if the sun's energy did not reach the earth. There would be 
no.water power or wind power If ^the sim did not shine. Wiy not? 

tn. ^ T?*^ can see that the use of solar energy Is not really new. * 

^en we talk about using solar energy as an atlBmatlve to fossil fuels 
we. pe considering the use. of a clean and renewable resource to replace * 
poUuClng resources which are rapidly dimini'shlng . The sun Is nature's 
original and ditect source of energy. We might use the sun directly to ' 
heat our water. The more we use the sim's energy directly, the more 
i^ortanc it becomes that we have accurate and co^lete data on the amount 
of~enerBr'«eeeived from the sim-at-any time • ^ - 

„ ■ In, this activity youwlll find out more about the sun's anerEv 

You_ will use a simple device that will Indicate the amount of energy 
falling upon a surface. v 
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OBJECTIVIS ■ ' 

At the con^letiori of this aettvityV you should be^able to^ 

o use a sinple solariBaater to determine the amoimt of solar 

7 ^^^^^^^ r ^ ^^^^ 

o prediat the best position of the solarlmeter to reoeive = 
and aBsorb Mxlmiim solar energy. 

* ^H©w to rfad scales on the sblarimeter, , 

^ V ^ How to graph data, ; 
' How to measure angles. 

Photocell ftlarlmeter. A con^lete description of the construction 
, of the eolarimeter can be found In the hardware section/ 




25 20 15 10 5 0 5 10 IS 20 25 

■ ' a ■ ; t ■ ■ , ■ 

METHOD 

1, All your data must be taken outdoors 1 the open away from 

buildings, ^rees, and other Qbstructions to sunlight. You will 
take several series of readings and prepare a data table* The 
table should include the date, time, sky conditioris (Qlear, 
partly cloudy, hazy, etc/), photocell position, meter reading 
and "Special notes as required, A suggested form for .recording 
data is shown on the next page^ ^ ^ ^ 



" ; - 










1 - ' _ . 

. -; .=, -. ' . . ■ 






• .. ■ ■ r ■■ ■ ■ ■ 








Date: 


Sk^ Conditions: 






Time 


Eneirgy Rac'd 
Units : 


Photpeell Position - 
(measure aa angle of 


special Notes 






ff 




incidence) 












/- ■ . ' ■ 


■ . i- 





Tfks the meter outside on a relatively simny day, Undmp no 
^"^i^oumBtanaBB^ should ^du Ipok dir^atty ^a't thm sun as St aan 
aauem pA^manmnt eye^ dr^mk^^^ . PXaes . the meter in a hoffizontal 
position on the ground. Read the metlr and ^record -^Z 
values in the data table, , ^ ^ . 

Hold your hMid about 1.5m aV6v# t^^^ that a 

shadow is cast jbn ti^e photQCell, Rea4^^^ record the data. 

Hold your hand «bout . 1cm above the so that it blocks 
off the stmiight* Record^ the data, How does this reading 
eoniparg -to^ths^reviour one?^^-^ — : — :^z^^....^^ 

Pick up the solar j^iMter and tilt ifr so the solar, cell directly 
faces the Sim and record your data. 

Take readings of; at least three other angles of insolation 
. and record the data, 

^7.' .Use the data you have collected to fill in the class data 
" * record on the chalkboard, JIow dp your data coi^are with 

those of other students . ^ ' 

■ .' * ■ ' - ' ^ . ■ ■ 

8, ^take a graph of solar energy readings vs, angles of iniplation 
% LOOKIN^iACK 




tte amotmt of solar energy received at any spot on earth varies 
with time of day af^d with the season of the year v It also depends on 
other factors such as cloud cover, liaze^ reflecCed light, etc. Surfaces 
that direct ly 'face the sun (are ^at right angles ' to the sim's light rays) 

rreciilve ttfis^ etier^ 5ther angles r All 

these variations can be measured by means of a st^le Instrument called 
the solarinieter. Data tables slMlar to yours have been prepared for 
various localities^ that show such things as the hourly variation in actual 

.energy received (measured) each 4ay per TOnth; others show how muqh 
energy theoretically would be available each day on a cloudless day, 
Wit s lEf orliat 
systems , 



EKLC 
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QUISTIONS 



1. Whan yput hand wai lv5m above thC' solarimete^* (step 3) did tKe ^. 
meter read E^yb? What dbei this IjidlQat©? 

? r Rafi^d nn ymiy grjaph , ighat t^lme nf day ^re the aim ' s raya 
'tfoit nearly perpettdlcular to level gromd? < Is, this the same 
time that the tes^aratura usually reachee maxlmiam? I£ not_ 
: ' .explain the dlffarence* ' . , 

3, Why isn't the energy rebeived by the iolar cell, held 
perpendicular ^to/ the aun' i raye, the iame In early morning 

/ ' as it is at noon? 

4. ' In which position would y©u place a solar cQllector aovthat it 

WQuld absorb the most energy? , - ^ ' * ■ 

aolNGFURTHER / ' , 

: . " . ; - ^ . . ^ . ■ ■ ^ ^ . ■ . . • 

Soma published data show that more energy Is, received on a 
perpendicular (to sim's rays) surface in March than in July* - 
^ How could you possibly^ explain this? 

Make a study of "tfc different energy imlta used by scientists 
fflid engineers- -to measure -solar-energy, ^ - 

See if you can calibrate ^the solarlraeter by comparing ^yoUr 
data with published data for areas co^arable to yours* ^ . 

Convert the solarimeter'into a pyrhellometer and measure the 
amount of direct solar radiation. Determine the ratio between 
direct and Indirect energy measured at different times, 

You may want ta see l^w the reading is affected, by tajicing - 
measurements closer to the sides of a building, fences, etc. 
Dp you notice any changes? Do the readings increase or. 
diecrease? How can you explain any changes? 

You may wish to vol^tffiteer to be patt of a team to collect solar 
energy data over a longer period of time. It would be useful 
to obtain data on the energy received each hour thrpughout 
the day. for each day of the year. This kind bf information^ is = 
needed by the solar energy engineer* Some d^tk of this kind 
has been collected; Compare yoiir data wlth/p^lished data 
available from the weather bureau. Make a g^|ph showing daily 
variations in energy received. How dp you ^e^lain the variations 
which occur? 



r: 
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Teacher liiforaaclon Shear : ' ' fc^ -. 

MEASURJNfi ENIRGY FRQff THE SUf 



Silggeatgd Grade Level md Dlad^^Lijae / * . 

' . 7-9;:Sjcleaee , ; ■ \ ' v". . .. 

^ Earth':idienee^ ■ ' ^\ ;^ •^^ v' / 

^Phyiics (Constructloii^ Oalii^jBlw and Hodiflcatldn of solaflm^ter) 



Background Info rmat ion . ^ ' . \ , ■ , • 

^^QWlng the amoiihc of energy redeiyed.on.s glvett. area afe^the earth's aiirface 
is fimdamental t© solar energy design. This energy; irfefcv^^ pas¥lnglthi:ough ^yers 

of atmosphere where different amoimts of reflpctlb^v^phs^rptioni and transmlSploil occur 
Spending upon the wavelength of t^e incident Wdiati^S^M'^d the of this 

atMspheric laye^. ; Fart of this ener^ of direct rays (ultra- .v" 

violet - 9%\ vlaibl^ light - 41%, . and irifrared ^^^^^ from tie jun; The rest is indirect 
radiation which has been reflected or scatteig^d hy sm^ll partici^ droplets of waters 
and molecules. The exact amoimt each varies i^^^^im position md a tmpspheric 
candltions' such as cloud cover, h™i41tys aiie And'kittd of dust particles'^ siie of water 
particles^ etc* On clear, simny days the direct entfr^ re'cfiived t^y be as W ^^3^ 
on cioudy days naai^y all the energy may be Indlrectf, 

. ■ . ." ■ _ - e ' 

When this energy arrives at the surf ac-ej^ .|w things occurs part is reflected^ 
and part is absorbed* Various Instrmants may be^^sed to measure this energy. lot 
example , the abiprbiid energy my produce m t emperatura' rise * ""Thus a thermometer might 
be used as an . indicator of erietgy absorption* Mother ef feat, of radiant energy failing 
upon the surface of certain metals is the relearfa of electrons, the photoelectric effect* 
The solar cell is a device that makes use of this effect* As the incident light intensity 
incifeas^d, a greater flow of electrons occurs/ through a clrcuitV T^ ampimt of current 
flowing caff be used as ta indicator of the, energy received; It is veryXimportant to 
remember that • the amount- of energy measured' by any instrtnaent is not nfec^ssarlly the 
total amount of energy deceived , Host instruments do not measure reflected or transmitted 
en^rg^* They pnly respond to the energy .absorbed by the Jjastrimeat * The response of a 
solar cell is complex In that the cell is not equally sensitive to all wavelengths of 
incideM radiation* In iact, it doesn't respond at all to the longer wavelengths* It 
also has a relatively low efficiency in converting radiant energy to electrical energy. 
Nevertheless it makes a very convenient, #asy=-to^use inatrinaent when used in conjunction 
with a milllammeter* «^ Such an instrument is called a solarlmeter or pyranometer* 

Careful comparisons of locally obtained data with published data for similar 
„ latitude! ind,_.atmospheric Conditions shouldv per^t the caltbrat ion of a hoBo^ebuilt 
solarlmeter* Direct calibration with.eoBmer^al Mdels may be arranged by contacting 
persons having access to these* ^tony colleges or universities have cpmercially built ^ 
s^larimeters available as do various weather stations* enviroranental agencies ^ and 
private corporatidffs involved in solar energy research* ^ ^ 
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Hint 8 on Gatheying Materials 



P,_C* Mllll^matjgy , Available from any seiantlfic supply house, ^ Rml^tively 
hheap maters to© available fron local hobby electronic stores, ^nga 
neidad depends on photoo/all outputs ^ 



Photoaleetrie call (Solar ealiy . Plain silicon type solar Sell (without 
integral plastie lens) reeommanded. These ara available in ^obby aleGtronie 
■ -■ ■ . ■ .'scores. ■ - ' J \ ■ " ; " ' ^ ■ = V ■ ' 

:^dr' : Resistor ij\ This is needed in oasi the output of the solar; c$ll is larger than 

the rangi of tha' milliametar. The smallest siza (wattage) carbon resistors 
• will, he adequate. In gmerai the resistance value will ba low, a few ohms 

: ' - at mos>* A ve^^ (0 - 5 j\ ) variable jeklstotf could be used* 

^ suggested Time Allotment . ■ . 

: " Two periods, ' -/ ^, ' . ' ; 

/ * . a- Firft Pariodr Introduction (pre-iab) , gathar Ini^ 

' 4 b. Sieond Period i .Discuss rasultSi j^ot plass data, a^xaiaine and 

discuss publlshad d^ta, a . , f 

' = ■ Paripdlc collection of data test of year (as project continuas) 



Suggested Approach 



< 



Prior to doing this activity introduce the concept of tha sun as the 
earth's major energy' source by means of salected readings, lacture 
presentations, or audio visual materials, ^ ^ 



{^brk in teams of 2 or 3 students ^o minimize the nuaiet of Inp t rumen ts \^ 
'needed.; ^ 1 

Organise work i^thin teams; swltcli Jobs within teams so averyon^ has m 
chance to use Instriments* 

Hgva dlff erent . teams collect "data under identical conditions* Compare 
data by having groups record angle' and energy racelved on the board, and 
arrange data from smallest to largest angle of insolation, 

Hava ongplng data collection on a routine ba#ia by volunteers. 

Prepare callbratidn curves for Instrimenta, 



Topical Results . 

- Meter reading inside building will be very low, almost zero* 



ifaKimiua readings will result when solar cell is held at right angles 
sun's rays, (Angle of incldenca - 0 ), 



a2 



ERIC 



Ilie ywadlilgs will b© s'omewhafc loww^^^^^^ thm cmll ii In a horizontal 
poaitlon Inataad of .dlMc|l3r facing sun- 
Smooth auinres . will b© obtained on . pimny days ; rough eurvas will be , 
^btslndd on ;partly cloudy, days, with intiroitt#nt sunshine* 

. ..... ^ ■ " .. • " -"^ • . • .. - 

If rdafea.Aa tftkm throughout thfe : v#ar the hlehAt valuis. with the photocell 



^^^©cautions 



held perpendlmilar to the sun Is ray, will be foond in the winter $ not sumerj 
months. ^#re are ©everal reasons for this, jone oft whl^ is the fact that 
the^ earth'' is actifelly Sloser w the 'sun (at perihelion) in January than In ' 
July, there is also likely to\be less s^iiture in the atmosphere wl% this 
time. ' ' • . 

'B& .9141*0 sttddmtB or^ wamBd agMn&t looking dirBatly at the Bim md essplain 
why 6^€prnent "Ua vmry fragil& cmd mist be ^irndtBd with aar&^ 



Hpdiflcatlona' 



The iolarimeter^ as described in this activity is really a pyr^nometeri ' * 
an Instrument for Masurlng total «^ energy received both directly and 
jlndlrectl^ By f itting a tube^ of prope*r size over the solar cell It can be y 
converted into a pyrheiiometer, m Instrumeht that measures on^ direct ^ 
-solar- ener^fc ^ (See- not^s^on- bullding^the s — . . . ..^ _ . ^ — . 

.A photographic light meter klght b^ substituted for the h omemade, s olar Imeter , 
If direct sunlight results in off-scale readings tSidtable filters (auc^ 
/»8 partly ekposed negative film| crossed sheet s of polaroid ^ etc,)^ShC 
be needed. . 

A galvanometer can be used in place of/ a milliaroBeter- A somewhat larger 
value (ohms) resistor would be needed ttn series with its coil. 



Evaluation 



References 



Have the students measure 0*e ; ™«sy ^^11^^^ upon a imit area of a given 
plane surface* ' / f 

Have the student position ^fe sWaifdAeteri (with the solar cell covered) 
to receive maximum solar energy, ^i^pY^ktt^Cml^ and check. 

Check students' answers to questions. " ' / 



Solcw Energy EmpmJ^mmt&^ Thomas Norton. (Bmaausj Pennsylvania i 
Rodale Press) 197.7 



IntmAdQtian to thB A^OBpherB^ Herbert Rlehl/ (New York s McGraw-Hill) 
1965 / V 



DRAFT- Activity 34 



THE HEAT OF A SOUR COUECTOR 
USING A THERMOCOUPLE 




INTRODUCTION 

afficiancy of a solar collector Is usually determined by a 
change 1^ the tei^aratur^ of^ a Collector absorbing plate ory some .type 
of f lowliig matefflal such as air or water. Typically, tha method used 
for measuring this temperature uses a thermometar, ' this activity will 
give you mi opportimity to look at an alternate^ay o£ measuring 
teB^erature with considerably more accuracy using a p^ir of twisted 
wir as known as a thermocouple* 



ERIC 



34 



OBJECTIVES ^ 

At the GoiBplet^on of this, aetlHty, you shou^ be able to : 

p emSjAuat a thtrrocoi^le that c^n ba tis^d to 
- TOafura haat dlffarsnca. \ 

--- - ■- ■■ ■ , i I - , - .. .^^ 1. ■ . . -- ^ ■ -^^^^ 

o. , iiae this thsrTOcouple to TOasure solar energy in 
a v#ry allele' flat plate colleotor. 

SKILLS AND KNOWLEDGE YOU NEED 

J- How to read a 
'-^ :^ How to graph da^|i\^ 



IRMLS ^ 

1 meter of copper wire per groij^ 
\ Mter of edngtmtffli (m alloy of copper and nickel) 
1 Milivoltmetiir 0 
1 InsulaMd container filled with water and Ice ^ ^ ' 
1 place of styrofoapi (60^ cm. k 60 cm. x 5 cm.)^ 
r 1 piaca^pf aliml4||^ foil (painted black)^- eoj cm, x 60 cm 
1 he« laa^ (optional) 
' 1 w^ch or iclock 



Whita glxja 



liars . \ ^ ^ 

Wire cuttats 
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^ 1 



Carefully t^a ths^pleca of eoppar wire iJftd cut if 
into two identical^piaaei. ' . ^ 



ketrthe and o£ rUUBC'Uuppar wir^ and twigt it togBthET" ^ 

with the^^na^fautMijilre so that about tan tight turns 
are Mde (you ttajr ne6d pliers) . ^ 

' " ■ ' > ' ' ' ■'' - \ ' ' ' 

With a nail, tnakfe two holes 1^ the styrofoam ehaatv about 
1 cm* from aacK qth^r and naar the oentar , Fa^d tfie ends 
of tha tt?iated. wlra through tha holes as far as they can 
go^wlthput mtoiiting tha^tw 




WiRf ENDS 



Taka the end- of the etohstantan wire which is not twisted 
and ,t^ist it together with the 'other half** of t:he^dpp6r 
wire In the same fashion that you u^ad in step ' 

Place this twistr tnTha insulated jar fil 
water. 




with Ice and 



CAMFULLY take your equipment outride , 
available J use the '^eat lamp- inside) , 



(1£ no. swi is 



Cafefully glue (in only 2 or 3 spots )^ the al^jminum foil 
to the outside ^of tha 3tyro^oam s]|e^^^ i^rya'as an 

absorber plate J Be careful not to ' rtp the"^ altminim foil 
on the rough ^dges of the wire , ' * 

Place the vdlcmeter be^een the ^o copper wires that are 
,not attached, ^vlf the voltmeter does not read a value ^ 
switch the terminals so that the voltage reading %b 
positive^ (Sm Figures. 4 and 3) ^ 
^ ■ ■ s.^ . ' ■ ^ ' ■ . , 

See Figures 2 ;and' 3 for an illustration of this activity . 




TWIST WiSE TOOiTHiR 



MIUfVOlTMlTfS O.IOmv 



CONSTANtAN^CO^lR THE|MOCOt/»iJ 
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^ALUMIMIM HATE 



■E SgiE IHOMOCOUPU 




SiT UP FOi OKI PUTE 



10. 

ii. 

12. 

'13. 
LOOKING 



^^S** shgef^ record the voltage reading ayery minute 
for fMteen prf^nutea. ^ J 

take yow f^i%ment apart so that all the pieces 
may be used again. - f 

Using the conversion scale, detennine the^approxtmafce 
teinperatures which yoiu: collefttor . had during each Interval 
that, you measured. Place thlA beside your voltagfe readlne 
on yoitt data sheet. ' ^ ■ 

Plot the data, tefflparatura vs. tine on a graph. 



, s ^ Solar eqlleeters cm ba made very sinply. The Indication of ^ 
the pare ormanca of that Qollaetor is usually made by maaauring Tthe tanroer- 
at^e. _ ni^rs ara, howayer, ©thar propartiea\that can be 'maasurad that are 
relatad to the tan^laractira*^ Masurai su^ a property ^ 

the areation of an aleotrlc eurrant lii^e twlsta pf wire t*en it Is ' 
naatad or ooolad. ^ ^ * a * 



QUfStlONS 

1. . 



As the vdltage of the thernocoupie increased what happened to 
the tei^erature of the collector plate?, > '' . • 



2. What happened tp the 'voltage with, relation to timet 



GOING FURTHER 



.-:;^^^Mtot doei the sltot , t ot - closenais of thfe 

Sim have on the graph of time vs, temperature? ' ^ 

Does your sohpol hava another type of ehermqrfipuple? You may 
f r^rtot ;fto sddnpata^^ ^ ' ' ^ 

JroE..^X^J^Q^^^ JW.yo\tt thenaocb^la to anothar aollector 

with whieh you may have worked and qheok tha reiulps against 
^ therTOTCter to sea if the r^^aita are corM ^ 



m : 
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' HEASOR-IN.S;^^^^^ OF.. A SOL 

,C 0 L^L E p T 0-R :u;4t |.N *& A T H E R M 'O C 0 U P L E 



7-9 Selane© ^ 
Physics . i 'I 



Background lafofa^Eloii 



'A 



: ; :WhM: thfttv.^a^ each other are heatedjan^J.actric 

fltgld I't wt up whicH^ creates ^"e^^^^ which, is praportlonal\t€r the heat 

.af^glied. Whe^ WP^hM ' twlst of. wire/ li'^X4ee^^ containar (uatimlly ^at 

32 F OT 0^C) the. Slf f er^nae in^^ meaaured on a vpltpipter,' 

using ffillWyplti as ths -iinlt^ ; rti nuibetf^ theraf orfe turn but. to be 

an^^eeura^Hiaaiurp ;of .the heat on the tWlst ©f^^^ri. ^st reference Books ot jfe^lcs ' ' 
Md chemlatry^e t^les whiih^^^^rt thermocoup^^ ;^e 

ti'eisperature ..uaingi.a fet'^^ equllibriim mixture. The ;ehart \ 

wWeh has beei^t; reproducfed' is auch a reftirferide f pr^ thj^ therffldeouple .made wlth^aoJ^pfer ■'mU•V . . ' 
cpnstantan wires *J;V pther./wl combinations are, goaglble but; require the uae /of _a dififerehtLiV' 
chart of conyeralc^,/; Th# atyrofoam iheet witl|; aj.t^nuta foil acts as the cpllibtor ' !, - 
Increase in heat will correspondin gly '^usej an increase In the_^milllyoltag^._ . 



Hinta 'bn Gatherlngr jteteriala 



The rCopstanC^n wire can be acquired from chemical supply finite while the 
millivoltteter la a usual Item in ^he physics laboratory* The rest of 
the ma^||al can be found in local hardware or buildihg supply companies* 



Sugfceated Time Mlofcment J 
ipne elaks^eriod ta do- J^^ 




4* , ■ suggested Approach V 

■'^■'iJ' V; ■ Divide tWl 

' W'C ' device V 



One GflaBS Mriod/to dlscusa the' results. 



5^ 




Divide the Ma as into tirou^s of ^2 ^r 3 atudents. Have each group makfe 



jCali Results 




The mi Hl\roltifge should rise to a maximum value and then remain relatively 
coos ttac the longer the sun shines on the /dollector * 

j_ ' ... ...t 

^e SMdden appearance of* tloud* cover wili biuse variations In the readings 
which canl be not^dl 



r.y r-'^v- 



TEMPERATURE - VOLTAGE READINGS FOR^ 
-COPPER - CONSTANTAN THERMOCOUPLE 




H ^.pC MlUtVOLTS 




0 ■ . 


-17 


- -^67 


10 „ 


-12 


) -.26. 


■ 2r 


- 6 


30 . 


- 1 


-.ot 


m 


5 


*,17 


50 


io^ 


■ ♦,39 


so 


.15- 




70 ■ . 


21 ■ 


+.85 


80 


27 . 


+1.06 


"■'90 ■ 


32 


r +1.29 


100 


38 


+1.52 


110 " 


43; 


+1.75 


M20 




•• +1.99 


130 


55 


+2.23 


i*iO ■ 


60 




■ 150 


66 ' 


a^71 




TV 


+2.9g 


. 170 


77 


• 3.21 


180 




+3.ij6i' 


190 


88 




200 


93 


+3.97 


210 


99 


+ii. 22 



^Precautions 



Bb Very 



with the uai of/wiv^^ wire outtmrB^ and naila eapBoiatiy 



■ when (^^He^H-ng the wirem ar^ plaaii^ thi hates tw the Btyrofdan baaking^ 



I 



Parhapi^ ,ij the sun £s shining, allow atudentp .to test their thermoqouples 
hyo £aoingi/the sun- Then di^H-de the class , and^ allow some to have their 
ap^ara^ilsVc f ace the sim^^ srae f^ce away fifom tiKe sun, and' others use a 
hWt^^iljmp.. _ . = ^ ^ ■ ' s^t \ ^ : 

Your ^ehpolN^ay have sotS^ comnerclally available thfrmocouples which you 
iSy i^sh t© use in place of your own, oir t^ co^are with the one you made. 

You may wish->'to Use thd thermocouple on different ^'Solar collectors and 
CQmpare the results « to ^ose monitor ad by tharmometers * ^ - . ) 



f 
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I 



You may make the collector more efficient by any number of means and test 
this efflelency by using your thermocouple* 

^ - Try thm same eKperlmant using a theraometer and compare graphs, 
Val uation 

. Observe the students as they follow Instructions and cons cruet their 

thenocouples « 

Examine the data collected and gather feedback on logical explanations 
for the working of a thermocouple, 

l^ee whether the graphs which were drawn are suitable for data analygia . ' 



Ghack students' answers to the questions . 



\ 
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D R A F T - ACTIVITY 35 



SOUR ENEMrr AND THr HEAT Cf ilY^ 




INTRODUCTION 

n.,^ ^J^.t^^S ^"^^^ "^^^^ the main materials for atorlng solar BnaiRV 

Dua to the large Lime of water and the weight of rocks needed alternate 
means of storage are being Inveatigated. UtiliEation of hJfet of fusion 
and/or heat of hydration are proposals being Investigated. If a non^toxlc 
^stple in^Kpensiva material with a high heat of fusion or hydration can be 
fpund it will enable ua to store solar energy without being involved with 
^he problem of where to put either a large tank for water or structures that 
hold a large quantity of heavy rocks. In ^he laboratory we will investi- 
gate the heat of hydration of two substances, Na^SO, and NaC^H^O^ . Using 
the data collected, you will be able to speculate aoout the dse of Lhese 
substances to store solar energy\ 



J5 1 
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OBJECTIVES 

At the oompletlon of this actlvicy, you should ba able to: 

o determine the heat of hydration of Na^Sa * 10H«0 
and NaCjHjOj ^ SMgO. ^ d ^ ^ 

o dfiscrlbe the relationship between stored solar enargy and 
heat of hydration. 

o . determine the economic feasibility of using heat of 
hydration* 4s a storage medium for solar energy. 



SKILLS AND KNOWLEDGE YOU NEED 

— - ._ . How to use a'-balanoe, read a tharmometer and use a calculator. 
How to calculate the heat of hydration. 

Concepts of haaCj calorie , molecular weight, balancing an 
equation, bonding, and the mole concapt. 

MATERIALS 

^ . ■ ■ ■ ■■ - . ^ ^ ^ . - 

A balance . 

- A calorlmeLar ma 4 sLycwCu^mi ^u^© 

A stirring rod. 

50 ml graduated cyiinder. 

A watch or^ laboratory clock 

Heating lamp or a aourca ol siMiiighL 

NagSO^ - IOH2O (Glauber's Salt)^ 

NaCgH^O^ ' 3H2O , 

Dtatilled water. 



4 \ 
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METHOD 

Data ttblea are provided on the next two pages for all data 
and calculatloni , Also note that formulas for the calculations are 
loQat^d after the data tables. 



HEAT OF HYDRA TION OF NA2S0^ 

Part A . 

9 _ _ _ " _ 

1. Weigh 5*1 g of Na^SO^ - IOH2O and put it into a stytutoMm pup 

(your calorimeter,) 

2. Measure 50 ml of distilled water using a graduated cylinder 
(Assume 1 g of water occupies 1 ml.). 

3. Measure the temperature of the water, 

4. Pour the water into the calorimeter. Stir the mixture with 
a glass stirring rod and record the temperature every 30 
seconds for 3 minutes or until it raaQhes its maximum value. 

Fart B 

1. Measure 2.0 g of anhydrous Na^SO. (prepared by placing Lhe 
hydrated salt In simlight or finder a heating lamp*) 

. Measure 5Diiil uf water ^nd ieCwid Lhe Lempsj. aLurfc 

3. Pour the water inLu the Cs iui iuie te^ , SLir the mi^.i ..^ ^au 

record the temperature every 30 secoiids for 3 minuLea or uiiLi 1 
it reaches its maKimum value. 



HEAl OF HYDRATION NAC2HjU2 



Part A 

1, Repeat Lhe piMceJu**^ rroui laii 
Part B 



NaCjH^O^ • 3H2O instead oL Na^^O ^ lOit^O 



1, For the h^aL of a.jluii^.ii ii*^ aiih^ i* 

salL use l-lj g of aalt ^nd 50 ui uf wate, in Pall. A 
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DATA TABLE 

THE HEATS OF SOLUTION OF THE HYDRATED AND ANHYDROUS SODIUM ACETATE SALT 



PART A 

1. WEIGHT OF 50 ML OF CI ML WEIGHS 1 g) 

2, WEIGHT OF HYDRATED NAC2H2O2 ' 3H2O 
3 TOTAL WEIGHT OF SOLUTION 

^, ORIGINAL TEMPERATUp OF WATER 

' 5. FINAL TEMPERATURE OF SOLUTION (T2) 

6, TEMPERATURE CHANGE (4 T = T2 - Tj) 

7, HEAT GAINED BY SOLUTION (k CAl) 

8, HEAT GAINED BY 1 MOLE NaC^2H302 ' 3H20 



PA RT B • .w 

1, WEIGHT OF 50 mS)F H2O 

2, WEIGHT OF ANHYDROUS SALT- 

3, total' W^i'GHT OF SOLUTION 

4, ORIGINAL TEMPERATURE OF WATER (l^) 

5, FINAL TEMPERATURE OF SOLUTION (T2) 

6, TEMPERATURE CHANGE T ^ T2 " Tj) 

7, HEAT EVOLVED BY SOLUTION (k CAL) 

8, HEAT EVOLVED BY 1 MOLE OF NAC2HJO2 

9, MOLAR HEAT OF FUSION OF SOBIUM ACElAit 
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DATA TABLE 

^ THE HEATS OF SOLUTION OF T^E HYDRATED AND ANHYDROUS SODIUM SULFATE SALT 
PART A 

1, WEISHT OF 50 ML 0¥ (1 ML WEIGHS 1 S)' ' 

2, WEIGHT OF HYDRATED Na2S0£j « IOH2O . 

3, TOTAL WEIGHT OF SOLUTION . 

4, ORIGINAL TEMPERATURE OF WATER (Tj) ____________ 

5, FINAL TEMPERATURE OF SOLUTION (T2) 

6, TEMPERATURE CHANGE (^T - T2 - Tj^) 

7, HEAT GAINED BY SOLUTION' (k CAL) 

8, HEAT GAINED BY 1 MOLE OF NA2SO/J < IOH2O 

PART R 

1, WEIGHT OF 50 ML OF H2O 

2. WEIGHT OF ANHYDROUS SALT 
■ 3. TOTAL WEIGHT OF SOLUTION 

4. ORIGINAL TEMPERATURE OF WATER CT^) 

5. FINAL TEMPERATURE^ SOLUTION (T2) 

6. TEMPERATURE CHANGE V^T = T2 " Tj^) 

7. HEAft^ EVOLVED BY SOLUTION (k CAL) 

8. HEAT EVOLVED BY 1 MOLE OF NAiSO^j 
9,. MOLAR HEAT OF FUSION OF SODIUM SULFATE 
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1) 



CALCUUTIONS 

Heat of Solution (K Cal) ^ Weight of Solution (g) x ^ t°C x 

1 K Cal 



apeclfie heat C^^) 



heat df the solution is 1 



1000 Cal' 
Cal 



Assume the specific 



gOC 



2) 



3) 



Molar Heat rdf Solution (~^) - 
: Mole 

Molecular Wt. of solute (g) x Heat of Solution (K Cal ) 
Weight of solute (g) 

/ 

Molar Heat of Fusion = Hydrated Salt Molar Heat of Solution - 
Anhydrotis Salt. Molar Heat of Solution* The Molar 
Heat of Fusion will equal the solar energy that can 
bb stored. The Molar Heat of Solution of a hydrated 
salt is a negative quantity because this is an 
endothermic reaction * 



V 




i iV^^f, ^^^^|K| 90 [bqIslt energy^for heating home^ becumes uiul^ 

%i±dBBprhm^J^ methods will have to be developed, A pos^ibia 

methoa\al^C 1^^^ the heats o'f hydration of certain s^lts. ^^ 

While 'tl?L^S;toj|thQd^^ over pre'ient methods of solar energy 

storage^iprfetolito^dd ^^^^ that will have to ba solved. 



4 / 



. '» ..t 




QUESTIONS 



2. How^ could such salts be used to store collected solar energy? 
^' Ind lhat of i^f^l^i acetate is approximately $7 00/lb 

of solar energy? Explain the reason Cs) for yoJr choice - 



GOING FURTHER 



Investigate the literature to decennine what some uf the Droblems 
would be in using heats of ffcion in storing solar energy 

besides sodium sulfate and sodium 
acetate that are being considered for solar energy storl^? 
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Teacher Information Section 

SOLAR ENERGY AND THE HEAT n F , H Y D R A T I 0 N' 

- Suggested Grade Level and Discipline 

11-12 Science = 

ChemleCry or Advanced Placement Chemistry 

Background Inforraatlon / ^'^^ 
' ^ V 

Water and rock are two means of storing solar energy* The advantages to 
these systems are their relative abundances non-toxicitys and availability. However, 
to store heat for an average home, you would need a IQOO cu*ft. tank of water (6000 
. gallons) or a rock pile of 2250 cu.ft. (20' k 18' k 6'). . ^ 

Latent heat storage systems require a much smaller storage volume. For 
example J a closet^siae space of 115 cu*ft. of Glauber's salt provides the same heat 
atorage capacity as a 1000 cu^ft. tank of water. This system also has limitations. 
With time* salts settle out and this limits the efficiency of re-hydration. 

This experiment yields results that can be used to select a salt for solar 
heat storage. The equations involved and their application to solar energy storage are 
explainable in the following way. 

Heating Na2S0^ ^ IOH2O (the hydrated salt) will yield the following equationi 

lla^^O^ ^ IOH2O — Na^SO^ + IOH2O 
Heating NaC2H302 ^ 3^20 (the hydrated salt) will );ield th^ fullowing equations 

NaC2H3a2 ' 3H2O — ^ NaC2H302 + iH^O 

The amount of energy released when sodium sulfate ut ^udluin t*^^LaL^ tetonii^ 
its hydrated salts upon the addition of water is equivalent to t!ie ator^d aolar energy. To 
determine the amount of stored energy (solar energy) , we wlil determine the heaL of 
solution of the hydfated salt and then the h^at of solution of the anhydrous salt , The 
difference in the heats of solutlpn la the hydration energy (stored sQlar energy). In 
both cases our dilution of the hydrated and anhydrous salt will be 2 moles per 400 mol^s 
of water. 

Suggested Time Allotment 

^ One period for hydrated aalts. 

- 0n6 period for anhydroua sair^ 

- . One period to discuss resuitg. 



4U 
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Precautions 



7- 

A prior discussion of calorimetry Is .stjjggeeted. Students should h^a ; ' ' 
done problems app^lng the principles involved. ' «C. ^^7^ 

If the class Is large have students work In pairs. ^ 

If ther^ Is eriough time have students repeat the eKperlment more than once 
to checks results. ' * ^ - 

Give the data to students regarding the volume of water and. rocks needed 
to store heat. * ■ . ' 



P^^/^f^M to uae styrofpm mpe iH^h a pieae of Btyrofomn to a&ver 
the a^p wttn the the^ommtmr inserted mta the top. 

a. Rme BtudmtB geiMy ^ ^itate th& aontentB of the aup. ^ 

b. ^e more aaauratS the t^emometer the better the remiltB, 
The hy^mted mite m&t be fresh or from a Bealed bottle. 
Do not remom the anhy^ous salts from trnder the sun lamp 
until ready to use. 

e, (/Be a flat pm far hy^ted salts so that all crystals ar^ 
empoeed to the heat. 



Evaluation 



Observe students' ability lq work in the labotatpi^ and t,.iiww instt 

Collecc and collate the data. Have the sLudents discuss ateas of 
possible error* 

Collect the studenta' iMboracory rep^^rts and grade them. 



References 



Solm* Energy Conaepta in the Teaahing Ch^mi^ti^y^ Jua^pu b uanLL^:!^^ 
Joumal'of Chemical Education, Jan* 1978 (Vol 53 No\ l)\ p. 41, ' 
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dUkf^Vr Activity 3&' 

SUNUGHT AND SURFACE tHATING E 




4 



INTRODUCTION ' , 

During the winter, even on sunny, windless day a, the outdoor 
air temperature Is often below freezing. If you are in the shade you - 
are very aware of the cold temperature, but if you move Into the sun 
you feel wamter Why does the temperature significantly change from 
sunlight to shade? ' * 

TTu the reasons for this change is surface heattnE 

When sunlight hits the earth's surface, the surface absorbs the light 
changes It Co heac , and releases this heat back into the surroundlhg air 
It is because of varied surface heating, as well as the earth's rotiLlon 
that we have the weather systems we do. ' 

^4 4^ ' ^" °??f'*L'f° pdarstand the effecta of ttuitace heating lu li.i. 
activity you will be observing the process of heat flow from a w^rl^ty 
or ground surfaces by maasurlng the air temper8,ture above them 

36-1 
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OBJiCTIVIS 

t 

At Che completion of this activity should, be able to ^ 

set u^^the heat tr^iVBfer ^paratus on approprla^te ground 
surfiefes so ii§ to reduce thm effects, of wind, direct . , /, 
swffilight br ^e^lectlng^^Mf faces . ' . 

measure air Vpi%^r$t^es at regular Intervals above the 

groimd surface 

i- .. . i . ■ 

determine the effect of various surfaces on the eiarroLmdin 
air temperature. 



SKILLS^ AND KNOWLEDGE YOU nEED 

^\ How to tell tlmei 

.How to measure distance ^ith.a meter stick, 
=^ ' \ How , to read a thermonteter . \ - 

How to record data on a table. 
^ * How to graph data, ^ 



MATERIALS 



Meter stick or simiiarl^rijarked i^ugth ujt wood 
with holes at 10cm intefrMJiJs . 



' 5 or 6 thermomaters^ 



'^^r 7t ; , Masking tape . 



Vertical support device such as a mvioit. isLttAia ur pliwL^^A ^i^iu 
camera tripod. . 

Timing device , 
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VtftWfeAL SUPPORT 



0 - ^. 



THiRMOMetER BULBS 



METHOD 



4. 




MITIR STICK 




SUNLIQHT IS HlniNG_ 

THE SIDE Opposite from 

THE THERMOMETER 8ULBS 



THERMOMETERS 



:\J^^|?n;.^e meter stick to the vertical support wlch'rubber 
bandfi, tape or clanipB . 

Wll?ta|e* thermomete^ft 4ftto the meter sticky/, secuiing theni 

■fJSiS^^'f apparj^Up on the surface to be tested, so 'that the 
thermometer bulhs are shaded from direct sunlieht by the- 
shadow of the meter stick, (See*. Figure 1) - 

-5^^*^*/!*^^'®*"" the shade with a se^drate . ■ 
theWnome|er. (Hold vour hand abeye the thermometer to provide 
shade if necessary.) Then place this thermometer' ori the 
•groimd below the thermometers in. the apparatus, 

Aites the apparatus has b.een set up for 19 minutes record 
the temperatures of each thertnometer. Including the one on the 
ground, m the data table In trial 1. 5ee rma pa^ for data t^le. 

At the end of another As miiiutes\record the temperature of 
each thermome^^r in t^e dtft4 tablX undet trial 2 

If titoe permiti,^3|^at procedures ;A. 4. 5 and 6 over dirr^.^m 
types of ground suflaces such as grass, pavement- anM bare 



36-4 



8, Plot a graph of temperatures vs. height for the first trial 
with a blue line. On the same graph plot the temperatures 
* for trial 2 In another color. r* 



9* Plot a similar graph for each ground surface tested. 



e of Sifrface 



^ . ^ — — -■- 






Height above 
groimd (cm) 


Temperature °C 


Trial 1 


Trial 2 


0 






10 






20. 
30 






40 






50 













LOOKiriS BACK 

lAlr hteating is accomplished mainly by circulation from warm 
surfaces. Warmer air has a tendency to rise. Jn this activity we wanted 
to determine how significant the ffiiOTrs of tlmep height and surface 
materials were in changing air. temperaturel . 



QUESTIONS ^ 

According to your graphs ^tfiree was the air temperatuie Llie 
highest? Woiy do you "think this was so? 

2* How db the data collected over ail Ltie gutfac^a t^uuipare 
with the temperature taken in the shade? 

3. What factors influence the amount of heat prudu^^^J Ji££fc4.et4 
heights over the surfaces? 

n 

4* Does the effect of time produce glgnl£icai»L ^h^^^e in ^i.c. 
air heating? ' 
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GOING FURTHER 



■ / 



Using the dat# you hava colleetad and^your fcnowl#d^# of I 
physical science, answer *ttftasequeat 4^ \'f' *i ^ 

1, Explain why mirage^j^^rc seen over dea.erts"^^^ 
roads but., not d'wr green grass a«^4 othe^ co^l aucfacesi- 

2. EKplatn the geiWi^iton ©f sea b£4ezep along ^ the; toast / 

J, ,In tarms of the d^a gathe^^ed by ybli lri this exp Ailment 

and your general knowledge of(jii^taorolbgy,^;explaln oh# ; a* 
reason why cloude are rather unconmaon in »lar iitlTyidai , 
as compared to tamper a tm ones* - W^/ : • 

4* ^^ TOiy are baseball stadiirais sb mu&h hotter in sianmer than * 
i: the.rest of; the outdoor^? ^d.^eapeeialiy; t^y are^t 

A i- ^uj^f aded ^wf m astr®-t%irf e 

. . change > the air ten^erature at a given ioi^ 
/ ^ V sui^faQe? EKplain^ ^ ^ ^ - V. J :^ ' 

\ -. • = . ^ s . : \ ' • ■ ' ' 

. . 6, Why are the thermometers placed in shade, not direct 
: ■ sunlight? . = ^ , V V* * i ; ; 

To, further CKplore' the Keating of air by wai^ surfaces you 
, ■ ^ can use the same procedure to answer these qnestions , 

.,1 1^ What ^is the effect df wind? ^ . . ' ^ . 

• . . 2* . v^Wfeal is the ^fect' of humidity? . ' 

■ " >^ ■ ■ ■ - -. 

' - u ^ . = ^ - ^ . ■ " ^ 

3* -What data could you^-ipollect oyer a liquid surface such 
as a pijiddlf , a swinmlng pool or a pond? 



4''' ^.^=S,U19^Ll GHT AND SURFACE H E A T I N G ■ E F F E C T S 

f iarWt Selene f an4 physics ' 4 

. .--/^^ - ; . ^ ■ 

♦ Background Inforaatlbtt i« * . 4- § 

s_ The putpoae pf this activity ia %b demonstrate the air FaMlng effects of 
. ■ . diffiiraat furf^p^s. With k^pwledge of the ef facta you can then explor a _wlth student e 

, the effe^i of' insolation on the earth, sueh dm wlndi tharm^lSp ^oyd fbrmationj ' 
■"^ ^ mirages, and temperature invergloHi* i : 



' The meter 4a tick in the experiment acta^: to sl^eld the thermometers fro^ 

direct hteating but li small enough in eKtent to have minimal influence on the aim 
temperaturel in its vicinity*? Therefore one may satisfactorily agstoe that the 
heating measured ^ is purely from conductlye and conveftive influences of the surface. 
' L6w '4ir circulation in t wind or Weezes is essential if thrf'gradierit is to be 

obiervable« / ^ ,j , 

• . ■ _ ■ " ■ . ■ ■ ■■ , = V ■ . ' ■ ■ '{ . 

> To understand what happens fn this eKgeTiraenf ^ one .must /know that when sun^ 

light' strikes a mate^Jal, some of it is dhanged tb Keatf; Some 6f^ the^heat is absorbed 
by the material an4i some is reflacted as injErargd radiatipp. ,One of the results of this 
1«" the warming of . the air above the surface. The amount of warming depends on several 
factors ^whichflnelude I (1) how much radiawfr energy is absorbed and how much is reflected, 

(Dark substances arii better absorbers thah -li"|ht'\o^^ is a better reflector* ) 

{2) what the ^jep*f^ Heat of thf absorbing sutisttfnce isj and (3) what the wavelength 
of the.radiap^^nergy iSj sitice's wavelengths are absorbed betteir than others by 

^ertlpin su^^t;$nces . 

, i In lathis activity it should be discovered that the amount of heat re-ttransmitted 

is suffici^a't £rom macadam Surfaces tb produce a 5 celsius degree terpperature rise at 
V lOem over- the surface* Reduced heating is also visible for apprsximately a half 'meter 
_up.... The^Qth^r- Subst^ca^^^^ ....... \: 



tiings oh Gathering H atarial 



The su^ort tripods may be available^%fl the scl^&nce roomtf; if not,* most 
j^uslc^epartments. have tripQ^d readily ada^ed. for use*.- The 

less ' the bulk of the tripSHj the better Jit may be used co produce minlnial 
^change ia the heating aohflguration* ^ 
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Suggested 



The .0tlc|t9 fBAy. b# produced directly by berlng aater. sticks but juat as 
, good a tet of results; aaa be sQhlsvad by obta^mlog wdad sticks of thtfv 
seas siie as e Bieter stl^K nd drlUlpg 6 hblas lOem apart « - 

the big problem again will be ^gattlng moiigh themometera* 



Oon^ period (45 mioijttea) for collection of data over one surface. Further 
tim may be used^ to collect data oyer othsr surfaces and also to dlacuss - 
the results* i 



Su^gestad Appreach 



Establis)! as many groups as the available therapmeters allow* You will ^• 
need^S therniomete.rs per group • 

'■ . . ■. ■ ' . . 
.Have tha^apparatua^preparW bsfore 

thermometers. : ^ 

Have each group of students collect data over a different kind of surface 
and then discuss the results* Be sure that the students are fmlllar 
%^th factors that are extraneous to the procedure but will influence. the 
data^ For instancgp cloud ewer, changes , shadow zones, reflection from 
nearby:fbulldirigs onto the ground surfacess etc. !' 



Typical Results 



The Attsunt of ^eat re-transmltted is sufficient fromimacadam surfaces to 
produce a 5 ceisius degree te^eratiire rise at 10cm' over the surface, 
induced heating is visible for approximately a half meter^ up* 

ff^ac^topi edticrete, dirt » grass t and water produce progressively less 
surface heating and air temperature rise. 



Precautions 



Dcmg&r fpom broken thmmomBters mmdatm that the &t%ak be eeaured 
acm$fully to the tripod the themmmtera fitted aarefulty into it. 



^Modifications > 



■'It 1§ pbssj^ble to simply shift the thermometers from hole to hole but 
this ^11 prejudice t^^^^^^ t a 1 f ex t emii 1 cond 1 1 Ions _dhange during the 
process of data gathering. 



Evaluatlofi ^ 

Chfick students V data tabla^ and gfaph. 

f Chaek students' answerg to the queafclons. 

^ ^ ' y Gb0W adequately fellow dlrsetions in pmrfomdjig' 

tha axperimant. 



Raferences 
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